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ABSTRACT

 Tnis report covers the period 1 May 196, to 1 June 1964, under Contract

NAS 8-5438, which calls for twelve months of research and development :
of a high temperature thermocouple capable of measuring rocket engine -
exhaust temperatures in the 3000°C range, under advorse conditions of

- oxidation, erosion, vibration and shock. ,This,iskt’he last monthly

progress report to be submitted.

The primary objectives of the progran are to advance the state-of-the-
art of high temperature thermometry and to develop en end product >
suitable for in-flight temperature wmeasurements on the SATUH’I*I vehicle,

Vibration tests to 60g on tho sheath wmaterials were performed without
failure. The search for better oxidation resistant coatings was
contimied without success. Preparation of the final engineering :
report for this program was started. The final three Type 4735 gages
vere prepared for assembly, but final assembly wvas halted pending a
review of tests conducted by Sauthe:;n Research Inst;.tnte.
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Period Cgvared

. 11 Statement of Work

- repehmter 10512

SECTION T

SEMARY

s
e e

Th:ls report covers the period 1 May 1964 to 1 June 1964

e . o
The Contractor shall advance the state-of~the-art of high
temperature thermometry and specifically improve the technique

of accurately measuring hizh toupsraturss by designing, fabrica~ - -

ting, testing, and delivering aine (Q) %hermocouple probes -
capable of operation in the 30U0°C temperature range under adverse
conditions of erosion oxidations and hiph astress lesvels for useful -
period of time. Also, present metiitds of thermocouple probe -

‘fabrication will be modii‘ied Such that the end product will be

suitable for in-flight ts.mpem..ure measurements. on the SATUBH
vehicle. P .

| sy

To acconrplish the above obmctivas thn Contractor ‘shall cansider

and explore specific R& D sfi‘ort as follows: e

' ‘8 Develop of the physiecal structure of an mmersed probe to o~ .

- attain minimum drag and highest rcsistance to bencing and
shear forces.

) . ) e m o e

b. Ascertain the besf combination of ingredients in the pro- ERTRINEE
-tective coating of the prote to ex‘:.end the term of oxidation o

resistance.

Ce ADetermine t.he best combinauion of compen%ated lead vires for

_use with the immersion tyoe nrobes. '

d. Incorporate latest state-of—thc-—art materials as pottinu and T

sealing elemonts in the base of the probe. :

" e. Determine effects of reactions between oxide coatings and

tungsten in relati.ozz to the emf output.

4‘,




1.1

1.2

RN .
e .
&3

Statement of Work Cont.. voe
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Estahlis!ment of rates of erosion !‘or different types of
refractory coatings such as tungsten disilicide, carbides .
‘ard cerzets when mbjeetod to hip‘h velocity, high temparature
gns straams. = R wE , ‘

38

&gtective Coatings

No oxidation resistant. coatiﬁg vetter than t;hosé beinguse&

has been found.

Vibration Tests: g R

" Two sheaths were vibration tested to €0g vit.hout adverse
effects. . ; . - R e
Pinal Report R T , &

Work was startpd on Drrp&-rai* on. 01 the final repdrt.~

4

quibmtigns. Low Tﬂm*ratu ' o .‘ " ‘, L

M e

ACL low tempefature"*alibrz.‘fims we*e verified by Hoskins .
Manufacturing Company.

c;&t

~ B . Tesio T
. L A . .

Calibggtgotxs, Hi-% Temaar}‘ture ’, o o ;,_f", " -

e FUREN

.Information was transmitied to ACT Yhat SRI has reported

" adversely on ACL high temperature delibrations. Plans uere; :

made for a tnomugh investigation of the SRI data.

- Repor' Number T-1097-12
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2.1 Prg totype Design and Develcpment

- SECTION 11

_PAST PROGRESS -

Geg, eral .  "

| Previaus ’effort vas reported in ACL Progress Reports T-1097—1
‘through T-1097-11. , :

As vas previously réported, cbhlsctives “ox‘ the firet prototypes

" werelimited to the LOO0°F-- 4500°F range in the interest of

- accumulating test data for amlysis, the results to be utilized

. : in future design.

PR

A design approach for the prototype. zauges was salertéd, and

~ dravings prepared, detailing neans of fabrication and assembly.

,~*v

e Investiga.tions mde into fabrication techniques i.nvolved in
- working wapor deposited Tungcten, resulted in mproved material
. bandl:lng techniques 3

I Shock and vibration tests, performed on a prototype nock-up,

resulted in a conclusion thai the sheath materisl was 1ntrins:1- |

- cally capable of withstauding the specified shock and vibmtion

requirements.

- e . g ”~ 5 L

, Samples of various ty'pes of. cc:nponeat{on lead wires were ordered ‘

for test ‘and evaluation.

;Ln evaluation of the SRI calibration tests for ACL Type 4734
.. gauges was made, resulting in a conclusion that an optimum
. Anmersion depth might be in the order of 1~ 1/2 inches in an
1sotherm1 region.

| 'me two Type 4734 rauges tested by N.A.S.A., and returned to ACL
. .vere éxamined and results of the examination were raported.
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Prototype Design and Develonnnno Cont....

A tast of & "no-insulation" approach was started, but was aborted )

due to a fallure in the test oven. Such tests,were subsequently

o continned.

Three prototypa gauges were delivered to M‘ASTRPI, on 17 October s
1963, for test and evaluation. Calibration of this type of gauge -

-1ndicated a shift in emf cutput to a higher value than that shown
“in previous calibrations. The shift vas balieved due to a spuricus
- emf contributed: by thé "compensated” lead wires. The curves; . x,,.
hdwever, paralleled the curves taken by Southern Research Institute,
"aa uell as those predlcted by ACL S

Further tests verified the presence of 1ead wire errors.

~
.

,lfVAnalyses of form and shock dray lozds were maae. Ths results will
~ be considered in future desiga.

Ty

Inveétigations of oxidation resistant coa;ings were continmed.’:

Accumileted data was reviewed, andmggbulatad‘fqr qpmparison andim:;iﬂ,

reference.,

e o

e Response test performed cn oue Typa A"f}s vauge yielded response as
- low as 45 millisaconds from ambicent air to boiling water. Lead -

.wire tests resulted: in.a concluston that the thermocoupls materials

should be used in lead extensions for best accurzcy. Fuarther

. investigations of oxidation resistant coatings, and.insulators

verified the conclusion reached in carlier tests. Design of the '
second generation fauges was contimed.

o
- -

Three second generation gauges were ﬁellvered to M-ASTReI on

26 February 196, for test and evaluation. These gauges incorporated

thermocouple naterinls as lead wire, and elimination of BEO insula-
tion in the Hot-Zone. Calibrations of this type of gauge showed

an increase in the upper temperature 1limit, and virtual climination :;
of Yead wire error. emf cutput curves essentially tracked predicted )
values. B e ‘ ’ : ) AT

Continnation of calibration tests resulted in- verification of

calihration curves praviously develoned.

o ‘vz"‘ *
) T. R

-

oo,




 Roport Number T-1097-12

2.1 Prototype Design and Developmont Conblese. o

Further calibration and stability tests vere highly i-epeatiblé.' ‘
A positive drift, diminishing in extent with cycling, was noted.

 Calibrations in the over 4000°F range were contimued and were - . . ‘
in excellent agreement with those previcusly made. Low tempera- : PP
ture calibrations to ~320°F were performed. Vibration tests.on .t .
' the sheath materisls were performed without failures. Materials - oo 0 :
‘tests on surface-treatsd sheath materials résulted in an increase..: ~
of 504 in strength, Work was started gn the final engineering . .- - o

.-« . veport for this project. . S e A
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T ' SECTTON IIT -

_CURRENT PROGRESS

Lo - . . - . :
EELCL . e B -

ot

AuL has directad effort in tha current raoortlng period toward

" contiminnce of vibratlion testing, work on the final engineering -
report, and preparation for delivery'of the final three zauges*
required under this coniract.

- At the end of the roporting period, ACL vas advised of adverse
results of SRI evaluation tests whick are in wide disagreement
with results of ACL tests as well as tests performed by others.
This is discussed in more detail in this sectlon of the report..

3.1 Progresq

CAC .o ‘Z"w,

3.1. 1 Vibra?ion Tests ' v"‘4ﬂ
Vibration teqtinr h sen parform sd on the Type 4735 gauges .

to limited (léé) input ] svels, as discussed in preyious reports.
 In order to moré fn’ly cstabliszh the characteristies of the shedth
materials of the Tyroc 4737 zeuge: wilhin scape of work require- =
o _ments, two additionsl tests were perforiied to sinuscidal fnpat'-
levels of & G, withoui failures, which. exceeds the, objective of
50 G by 10 G. The test articles, methods, and results are
described below.

3.1.1.14,¥est Articles

: mWG'ussu sheaths, eazh of different cons ction, were fabricated
s -of vapor deposited tungaten, using the sams tochniques of construc-
- tion as in the Type 4735 gaugzes. They are described separately as

e follows, as Gauge A and "Bn for ldpnti*;cat¢on.

v
('3 3
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3.1.1 2 Gaug:. nAn

o Gauge WA vas made with a biconvex cross section, 0. 103 inch -
S in the minor axis, ond 0.258 inch in the major axis. Usnsupported o
. ~ immersion length was 1.50 inches. (See Pigure 1) The last imch 7
 of length from the tip wag tepered 8-1/2°, in the major &imemsion .~ = =«
" and 1° in the minor dimensior. Nominal wall thickness was .020 T
. . inoh, although the wall thickness in the mlnor exis may have been . .
% :as thin as 0,008 inch in places, becsuse of variations in’ straight-' s
. ness prior to final dimensioning. The cenier conductor was W26Re,
0,020 inch in diameter,.vapor ieposz.ued in the tip to form a junction ' R
©  with the tungsten .sheath. It was unsupported over its lenght.  This f
- 8§ . gouge had not been heaited, Lhere-ore ;t. vas in the mu, or_mon- ' . R
O Lo recrystalhzed conuitmn. " : ,

3.1.13 ’_,_g«_:__., RS

Gauge "B" was made uith & tub.xlur, a)".l’t’z‘l"trical Cross aection, O 123
~ inch outside diameter, and a nomiral 9,020 wall thickness. .
R . Unsupported immersicn leagth was 1.95 incha.:. (See Figure 1).
. % The last inch of length from the uip was tapered 1°. As in the . o o
M Type "A" gauge, the 0.020. inch W26Re center. conductor was vapor -~ ..:i. .
- "“deposited in at the tip, snd was unsupported over its lemgth.
This gauge had been tempemture cyeled from 2000°F to 4300°F at

,lea«t six tima-;, _ang_wes therefore Tully: recrystall;zed. . '
3 1 1.4 T§3t Me'thd : ) : ; R ; ‘jf;' \","' ',-’\'“..'i‘:':'r CeR

The test-caliges were oast in Devcon "B, a dense cement, m.uh SRR i M
thelr unsupported immersion lensth extending from the cement .+ ° 7W"
hlock. The block was tightly clampea in a vitration fixture . ...
~mounted on the head of » hng lectrodynasic vibrator. Calibrated . .

- accelerometers mounted on the .hoad and the gauge base were used to .

"measure input and cutpnt accelarations. Inputs were increased in

“ steps of 5g to a maximum input of 60g, st the- resonant poi‘nts found

L “during a 1ogarithmic sweep resonance search. ‘

RS

et

1




3.1.1.5~‘Tést Results Gagée AT ¢

B 3 1.1. 6 Tgst Resplbs, Gaug Ho

3. 1.1.7 Dlaryssion. .

During the scan on Gauge "A", resonances were observed as follows: =

i

iﬁislfv‘ 4 “ K Resgngii ?Teé,.’: G Tpout ng- G \ tﬁﬁéi“;‘
wmer (0. ;',i»‘.-lf*%’,‘f s w0
g wm o sew s
| ' ,',f | | | “1500> | f“ ‘5 "6§_"J.; sgéuraiediJE?}{nf
M-"-.101-‘ '(x) e 3268 L s Lot "2601 e

~ Time at each G-‘nﬁut level at resonance was a minimunm of 15
minutes, - : e

Yo adversé'affeéts were noted during or after this test.
- e e

P

Durln, the scan on Cauge "B, one resonance at 550 cps was noted.
The gauge was subjected to Lquuq of 5¢ to 60g at resonmance in

5¢ increments, and W& vibrated at the 60 G level for 15 minutes. . - -

No adverse effects were noted during or: after this test.

;.;('.'

3

As, can be seen from tha desoripticﬁs of~the two test gau~es given -

above, there is a considerable difference in physical charavteristics ,-

. -betwecn the Type 4735 gauges previously vibratlon tested, and
* Gauges "A® and "B". The fineness ratios of Gauges "AP and ngt,

however, are considerably larger than the Type 4735 gauge.

" Therefore, these tests represent worst case conditions aad nay

.. -be'taken as a measure of the reaction of the Type 4735 gauge sheath ;i:i_
i ;to vibratory 1nputs 9reater than those stated in the scope. of worx.b‘{v S

_ The major considerutian for tha teotd deseribed he“ein, was the

_resolution of whether the sheath material, in the configuration

_ used in ACL Series 4700 gauges, was. suitable for use undsr a
severe vibration environment. The questiou was further compounded
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'351.1.7 Discussion Cont.... E

a | Uy the fact that; 1) ordipary tungsten hna a well established

R - - reerystallization temperature ~haraﬁtﬂqut1c which is associated
with a sérlous decrease in dustility, snd 2) in the cold (ambient
temperature) stato is notoriously brittle. The vibration tests T
at anbient temperature therefore ware parformed under adverse .. o~
conditions., A great deal of ~encern has been expressed by N.A.S. A.,
as well as others, whether the sheath materisl would fail under =~

o vibration, and it was ﬁoneidnrﬂd ‘necessary by. ACL to prove or _”’ e
o ‘ disprove this contentAor. S

Lo

- As a consequence of thace vibralion teste, it ia connluded that
the sheath material, vapor deposited tungsten, as fabricated by
San Fernando Laboratorioe, Pacoing, California, to ACL design '
configurations, and processed by ACL, is. suitable for applications
such as the Type 4735 zauzes.

ACL had considered, wmorecover, that al*ernnte shesth types, such

as the Type "A" and “B" sheaths, should be Investigated in the
interest of Lhe ‘scope of work rPuardxrg sheath confirurations
for minimum drag and highest Fesistince L0 bending and shear
forces.

i . L ) LT P

'l. R i ) ‘,.4

R

3.1.2 Galitrations, High e“a?urc -

It had boen con31de ed by ACL that “calitratiohn »f the Type 4735
gauzes had been estatlished in the vange 20D0°F to“over 5000°F -
as a result of the z2ccumaltiion of a largze number of mes surements™
within the ranse. These mocasuremsonts had been made without a -
sinzle fdailure, except for those delioeratelf induced during
oxidation tests. S .

At the time of report prepsration, however, durin# a telephone
conference with M-ASTR-I personnel, it was related that two of
the second generation Type 4735 gangas, being tested by Southern
Research. Tnstitute, failed to perform beyond 3500°F. Tt is 4"
understood by ACL that the fcllowing occured; 1) The output of
the pauges appeared to deteriovate after 3500°P 2) that some

. material, vresently urknown, appeared to melt and drip from the .

- - sheath. 3) SRI, at this poim, terminated the tests.
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o ‘ 3.1.2° Calibrations, High Tempzrature Cont..¢;A

‘ L o The SRI report is in wide varlance wlth results observed during
e "ACL tests by, not only ACL technisiana and observers, but by
’ . representatives of other 2ompanies as well. Ir fact, other ACL ) :
- . pauges, fabricated in a °1m*lar manner, and tested by the user, =
. repeated the ACL curves with very clése agreement, from 1500°F ~
to aboat 4500°F. These 1nﬁenﬂnahn* -tests were conducted vy - - v LY
Aerojet on probes intended for use in the contrel locp for the
NERVA propulsion system. Their calibrations were conducted _
under such stringent procedures, snd under such exiremely close
obaervation and eritical supervisica by S&’O that the results :
“‘vore accepted withoub question oy ACL: e Lo
The feedback -information from SRI ls, in ACL's opinion, so = B
L meager at this time, that no conclusions can be drawn as to ‘
Lo _ -the Tailure of the Type 4735 ; 7cvjcs Lo ropeat their praviously
: demonutratnd performance. ~Slisht variastions, which could be
ttributed to differences in technique, 'cer&mantal ETTOT, Or -
cLsarver error could be accepted. A mmjor varxaaue, however,
such as that deseribed herezn, shenld, <n ACLiS oplnion, be .
L thoroughly investigated, ACL will*theréford visit MoASTR-I
T .. on 1l June 1964 to atteno*_*o determine the facts rel Vant to
B . the SRI report. ' & : \

<

‘1

‘Tt should be ppinted ﬂ"t, in fa&rn sz to all concerned thaE
thic is the first-krovlefize that ACL haz received of any
iradvertence io performance of either the [irst geperation :
gauges, delivered on 17 Cetower 19€3, or the second ‘gereration -+ -
gauges, delivered on 26 Fobruary 1964, vhereas it is stlpulated

C . in. the contract. that return information-wis to be supplied AGL . ‘

- o within ten days of any delivery. ACL isg thus in the position of
o . Yaving receéived adverse informabion within 15 days of the term-

“ination date of the contract, and, therefore, may not have .
‘reasonably sufficient time to incorporate any indicated design:
- changes in the. firal three gauges, which were scheduled Tor e
, - delivery on 17, Juna 1964 inm .accordance with contrect requirements. - -

o >’ . IR

3.1.3;’ca;ibrat.1or}s. Tow éemg'émmré o

o

" In the lsst report, en ‘ocount was glven of low temperature I
SR : .. calibrations of the W-W26Re materials from 32°F to -320°F. T
T g . A mistake in transcribing dnta stated a negative output of .03
R o fmillivolts at -320°F. This should have been a positive ocutput -
"of .03 millivolts. At ACL's reguest, Heosking Manufac turing . - S L
Company performed calitrations cver tike same temperature range >

=10 - » “ - ~
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3.1.3

3.1.4

Calibrations, Low Temperaturs Contases

. possible product in the 16&3}}_ timee - L

and reported their findings to ACL. The graph of Figure 2 is
a plot, showing both ACL and Hoskins data. Considering - .
experimental error, it is fel‘ therc is good agreement between

‘the two curves. ’ E = ‘

‘Pinal Delivery

ACL had started assembly of the three third generation Type

4735 gauges when word was received on 2 June 1964 of the resn.‘{.ts
of the SRI tests. ACL accepts the possibility that the apparent -
malfunctions could be due to a faulty fabrication technique,
although this is considered remcte in licht of the extensive

testing performed on both identical and’ similar gauges. Therefore;. , o

assembly was halted until.such time as the facts are ascertained.
It is belleved possible that investigations can be made and a- -
conclusion drawn as tc the causc-of the malfunction in a timely
manner. It is:reccmendesd, however; that an extension of one
month be granted, in view of- the gircumstances.-, ACL will, in
any event, expend every rzasonatle -i‘i‘ort to deliver the best |

P




e S ~ SECTION IV

PROCRAM FOR NEXT IRTERVAL

‘4.0  Objectives for the Interval 1 June 1964 to 17 June 1964 ares
| a. Review‘ results of SRI tests. |

b. Deliver the. final three rauges ou:17 June 1964, ir possible;

¢. Continue work on Final Enzireering Report. -

.

-y

e e Ziet e Repor@ﬂmber 'r-1097-12 4y
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R S . sECTION V

STATEMENT OF MAN HOURS

5.0 Hours by Category : |
o S = Previous " Current - To .
Category - . Periods . Peried ~  Date -
. Engineering 831.5 121.0 952,50

Y

 Clerical 165.5 L 160 18L5.
Fabrication 7.8 7.5 . T80

L IR
LTS

N Consulting - 20.5 f-0- - 20,54 e
. Drafting 610 o -0- L a0

L

-~ -

.; .
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